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An Injection-Locked Oscillator 


for the 10 GHz Band 


if Gunn oscillators, as commonly used for 
transceivers on the 10 GHz and 24 GHz bands, 
are locked to a stable frequency source then it 
is possible to operate with narrower band- 
withs than the usual WBFM. This enables 
station performance gains of more than 10 dB. 
The station's operating frequency is also 
guaranteed. This article describes methods 
of injection-locking Gunn oscillators to a 
more stable low-power reference signal. 


1. 
EXPERIMENTAL 


In early tests, it was found that an external 
reference signal of as little as — 20 dBm is suffi- 
cient to achieve locking of a normally free- 
running Gunn diode oscillator. The lock range 
was around 0.5 MHz, improving to over 5 MHz 
when the reference source is 0 dBm or more. 
When locked, the Gunn oscillator is very difficult 
to FM modulate. Instead, the reference signal 
can be modulated with NBFM, WBFM or possibly 
FMATV. The Gunn oscillator will faithfully track 
this signal resulting in excellent linearity and 
stability. 


A point to note is that with the onset of injection- 
lock, the output power of the Gunn oscillator 
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decreases, becoming a minimum at the point 
where its natural running frequeny is set to the 
same as the reference signal frequency. Moni- 
toring the output power level by means of mixer 
diode current of a typical transceiver set-up 
allows easy adjustment and confirmation of 
injection-locking. 

Use of a reference source on a subharmonic 
frequency, or a ‘comb’ frequency generator 
reference also appears possible. This could 
be useful for locking on 24 GHz or constructing 
a synthesizer for these bands. 


2. 
CONSTRUCTION 


The mechanical arrangements can be seen in the 
sketch (fig. 1). The method of feeding the 
feference signal to the Gunn oscillator is not 
very critical. It can be injected at the cavity or 
outside of the cavity. A 2 - 3 mm probe can be 
fitted through the wall of the waveguide line from 
the oscillator. This can be fashioned from some 
semi-rigid coaxial cable or a panel mount SMA 
connector soldered to the waveguide. Alterna- 
tively, the injection signal can be coupled to the 
Gunn oscillator with a ferrite circulator or wave- 
guide hybrid junction. 
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Fig. 1: The injection-locked oscillator’s mechanical layout 
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Fig. 2: The injection-locked transceiver's system schematic 
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Fig. 3: Photograph of the author's prototype 


It is very easy to retrofit injection-iocking to an 
existing WBFM Gunn transceiver set-up. The 
author's transceiver circuitry resembles the 
design described in (1); the block schematic is 
shown in fig. 2 and the photo of fig. 3 gives some 
idea of how it could be mounted directly behind 
the antenna paraboloid, The tone signal and 
modulation circuits feed the reference source 
to provide modulation when transmitting. The 
Gunn oscillator is powered with a fixed supply 
voltage (set for maximum RF output power) 


3. 
OPERATION 


Injection-lock is established by adjusting the 
Gunn oscillator tuning so that the frequency 
passes that of the reference source. When the 
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frequency is close, the Gunn oscillator will jump 
onto frequency and remain in lock over a rea- 
sonable adjustment range. When outside this 
range, it will jump away to a new free running 
frequency. Within the locked range there is no 
‘pulling’ or deviation from the stable reference 
frequency. Locking is observed with either a 
receiver or by monitoring the behaviour of the 
mixer diode current (output power) 
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